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INTRODUCTION 


This document, containing data oaslc to the design, char «cter i zat ion, 
comparison, ang evaluation of sol ar-powered res'cential air conditioner con- 
cepts to be c?rsicered under contract NAS 8-JP758, was prepared to forma! ze 
the parameters that will pe used throughout 4 a study program. The c»,mr! e- 
♦ lon of tnese data was done In partial fulfillment of the work to oe accorr- 
plished under Task 2 of the contract. 

It is anticipated that &s the study proceeds, the design requirements, 
particularly the data characterizing the solar heat source, will require 
updating, refinement, and amplification. This document will he revised to 
reflect these changes and updated versions will he puDllshed at opportune 
times. „ 

SYSTEM DEFINITION AND INTERFACES 

Prior to the detailed definition of the design and trade-off parameters, 
it is pertinent to Identify the interfacss between the various subsystems 
that constitute a total' sol ar-pc»e'ed air conditioner, and to define in detail 
the approach that will he used to r concept selection auc system opt imi zat ion. 
Basically, a heat-powi-ed air co"d : * ione- interfaces with the suosystems as 
shown In tne Dlock diagr^- of Figure 1. 

Because of tne nature of tn-- subsystems ano equipment constituting the 
air conditioner and tne neat sin*t, these 4 wo subsystems will be considered 
together in the study. Tne distribution subsystem establishes tne air con- 
ditioner cooling requirements and does not include any equipment that will 
affect the design of the air conditioner per se. The distribution fen will 
be taken as part of the air conditioner package. Tne solar source subsystem 
will be considered separately ar.d defined by : ts cerformance Interfaces and 
otner pertinent char ac 4 er i st ics that will perm It race studies and optimiza- 
tion at tne overall system level. 

The rationale for this breakdown Is that the solar heat source will be 
used for neating in winter. Whether or not it is used to drive a heat-powered 
air conditioner is the subject of tnis study. On tne other hand, the require- 
ment for a heat sink subsystem essentially is dependent on the presence of the 
air conditioner. Consequently, in this study the air conditioner will be con- 
sidered to incorporate all equipment necessary to provide heat sink capability 
to the ambient air. 

STUDY APPROACH 

The approach that will be used in tne s* .dy is depicted in Figure 2, w icn 
illustrates work flow and the major study reujlts. Reference is made to 
AiResearcn document 74-10996(1), Program Plan, for a detailed definition of tne 
objectives, scope, and results of each study task. 
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Initially a design point, defined quantitatively oy a fixed set of inter- 
facing subsystem (solar neat source and distribution subsystem) parameters. 

Mill oe used tor (1) tne identification of candidate air conditioner conceots, 
and (2) the selection of an optlmi/n concept. In the refinement of tne design 
of tne s«lev*tet concent, a range of Interface parameters Mill pe consicerec so 
that parame 4 ric cost and performance data can pe generated in terms of tfe 
interfacing subsystem parameters. Finally, the air conditioner utility w‘!l 
oe demonstrated through penalty studies involving the entire system, inciud.ng 
tne solar heat source. 

p or any fixed set of values describing the performance of the interfacing 
subsystems, an air conditioner can be designed and optimized in terms of cost, 
coefficient of performance, and auxiliary power usage. This air conditioner, 
hoeever, may not correspond to an optima overall system design. For example, 
the air conditioner must be designed to meet the cooling requirements corres- 
ponding to conditions prevailing during the hottest summer days. Tne size of 
tne solar collector and/or the auxiliary power necessary tor operation under 
these conditions may ce prohibitive by comparison with conventional electrlc- 
drlven air conditioners. The sol ar-powered system, however, may afford sub- 
stantial electrical energy savings over the entire summer period when the 
average cooling load is much lower than design value, and air conditioner 
. utilization is reduced considerably. For these reasons the interface para- 
meters defining tne air conditioner design requirements must oe defined over 
a range of values so that parametric air conditioner data (cost and cerfcrmancc) 
can be generated to oermit overall system optimization. 

OVERALL SYSTEM CONSIDERATIONS 

Two types of air conditioners will be considered, depending upon the 
technique used to provide a heat sink for the air conditioning cycle. 

Air-Cooled Air Conditioners — Where the cycle waste heat Is dumped 
directly to an ambient air stream circulated through the unit cy 
a fan. 

water-Cooleo Air Conp I t ioners — where the cycle waste heat is dumped 
into an Intermediary water loop. This water loop, in turn, is cooled 
by water evaporation into an ambient air stream. 

In eithe r case, ambient air is the ultimate heat sinx. v»jor : r*e r f • 
between tne subsystems are icentified In c iguros 3 ana 4 *c r -he a>- v.p 
cooled sir conditioner conceots, respectively. Since tne neat sink is c - 
sidered together with the air conditioner in the study, the interfaces between 
the two subsystems are internal optimization parameters. Definition of the 
interfaces li.iteo in Figures 3 and 4 will provide the data necessary for tie 
design of tha air conditioner (including the neat sink). 

A number of parameters internal to the air conditioners per se will be 
used to optimize tne system in terms of cost and performance. Ficur* i 'is r 5 
these internal optimization parameters for the aosorption ana the nankine cvcle 
systems. 
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Figure 3. Air-Cooled Air Conditioner Interface 
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Figure t>. Air Conditioner 
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Using a fixed set of interface data (design point conditions), equipment 
problem statements can pe prepared tor each set of internal syste- parameters. 

In this manne' equipment parametric data ran pe generated In terms ot eye •. 
parameters, and air conditioner cost and ,er‘ormance can oe determined, by 
enangmg the design point over a range of conditions, parametric cost ano per- 
formance is obtained. This optimization procedure will Pe used In the study. 

TRADE-OFF AND SELECTION PARAMETERS 

The air conditioner will pe defined In sufficient detail to permit char- 
acterization in terms of cost as well as performance. The cost data will 
I nc l ude s 1 

e 

(a) Acquisition Cost 

e Equipment cost 

e instal lation cost 

(p) Operating Cost 

e Auxiliary power cost 

• Maintenance cost 

Equipment cost models will pe developed in the course of the study. 

These models will reflect the impact o* effectiveness c design soph 1 *t teat ion 
on manufacturing cost. The components to pe considered include neat exchangers 
of all types, tans, pumps, and turpocompresoor. 

Installation and maintenance cost models also will pe developed. These 
models will pe generated Pased on experience with tre type of equipment c;n- 

sidereo nere. 

The factors Included in ♦he cost of auxiliary power will depend on the 
level ot the trade studies. For air conditioner concept selection and optimi- 
zation, the trade s^udi^s w ll D<- oe r r.r~*?d at *re -subsystem level, as mentioned 
previously, m th s the au* ' "v ; i*-" « 11 include the electrical power 

necessary tor drivi g me soivs--?” * :. . ... ,-'d controls. Fo'‘ overall sys- 
tem evaiua*;cn, trv- auxiliary pc - r . jde, in addition to < he above, (I) 

tne electrical power for sciar heat source d- .s and controls, ano (2> the neat 
energy necessary to supplement tre sciar cot ecter. ►'ere tnree neat sources 
will oe cons I :ored: electrical po^er , natu» a I gas, and fuel oil. 

The performance of the system will Pe defined in terms of coefficient ot 
performance (COP) and auxiliary power usage. Because of the nature of the sys- 
tem that utilizes heat energy to drive a mechanical refrigeration system and 
electrical power for pumps, fans, and controls, the COP will be ce fined 3' 
fol lows: 

Refr j ter at icn toed 

Solar Sursystem ‘-oat input 






•»« LOA 


wnere the solar subsystem heat Input Includes the energy supplied by the 
auxiliary heater, it any. 

DESIGN PARAMETERS 

The data listed in Table I summarizes the data that Mill oe used for 
design and optimization of the air conditioner. Listed in the table are ucslqn 
point values that will be used tor concept comparison and selection. Also given 
are the ranges ot the parameters that will be investigated in the evaluation ot 
the selected concept. A list ot the references Identltled in Table 1 is pre- 
sented at the end ot this report. 

OVERALL SYSTEM EVALUATION PARAMETERS 

The data listed Delow are required tor evaluation of the air conditioner 
on an overall system basis. Tnese data Mill be usee in the study to determine 
the auxiliary power necessary to supplement the solar collector. 

Air Conditioner Loao Protlle Througn Summer Months --Seu Figure 6 
(to be provided at a later oate> 

Solar Col lector-Stprace Tank Pertormance Protile Through Summer 
Mpntns --bee ^ ' gure 7 (to pe provided at a later gate) 

So'ar Com c*;r Cost — To pe determined 

Auxiliary £re-gy Cost — 

(a; Electrical: 7.2 to 14.4 cents/x-soc (2.0 to 4.0 

cents/kwnr) 

(b) Nature* Gas: 4.59 to 8.83 cents/m 5 (0.13 to 0.25 

cents/cu tt) 

(c> Fuel Oil: 6605 to 13,210 cents/m ^ (0.25 to 0.50 

cents/gal .) 

Solar Collector System Pump s — 


(a) 

F loxr ate 

To 

oe 

determ i n«a 

(b) 

Pressure rise 

To 

0e 

determined 

(c) 

Inlet pressure 

To 

&e 

determined 


hate’ - Circulation Pump Character i « t ics — 

To be determined as part ot study 
To be determined as part of study 
To be determined as part of study 
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FIom rate 

(b) 

Pressure rise 

(c) 

Inlet pressure 
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TABLE 1 

DESIGN PARAMETERS 


1. load. J/% (tori') 

2 . Mturr ||r tern erature («lf conditioner 
Jn*et) 

Ory bulb. I* f°F) 

Felative humidity, p«rc« r I 

). Supply pir tMR«ratvn (air conditioner 
outlet) 

Dry bulb 
Wit bulb 

4. Supply Airflow, m^/s (cfm) 


5. Cprtrnol duCt'nj pressure df Jp. 

S -‘(In. »j0) 

6 . Tupp!y iir pressure. N/m2 (pt a) 
AmbieM ' 0*4 > t\~\ 

I. Ambient plr p rsSwre, h/m* (p* a) 

?. Amt-'ent iir temperature 


Dry bulb. K i °F) 
Wet bu t>, F (°F) 


>*er *eet Source 


1 . Meet avai labi I ity 

2. S-»»p1/*iter temp^-atura air 
cond tioner Inlet), K (°f) 

). Return water temper# tore (pir 
conditioner outlet), K ( C F) 

4. Water flos, rite, mVt, gpm) 

5. Viter pressure, 4/m 2 ( ps i •) 

6 . Veter pressure drop, N/m 2 PS'i) 


10,550(3) 


Fa ream ter 
Fang# 

Fafarance 




1 C, $50 to 1 7, $30 13 to $) 


297(75) I :**? to 302.6175 to f. 

5S I I 

To be determined from toed end return temperature* 


0 . $€60 700) 

0. 374(0.1$) 

TOt .32504. 7) 

K 325 14./) 


309. I (95) 
293,7(78) 


355.4(»90) 


0.472 to 0.637 (Tor 10,550 J/s) 
O0C0 to 1 350 Tor 3 tony) 

G. 778 to 1 . 06 Mor 17.580 J/s) 

(l €$0 to 1350 for 5 tons) 


305.4 to 310.9190 to 100) 
297 to 298.7(75 to 78) 


349.8 to 388.7 (170 to 240) 


To be determined 

O.C00694MI) 0.C003785 to O.COO*46 6 to 1$) 

101,325(14.7) He-imum 34*. 643 *$ 0 ) 

To be determined 


I. The design toed Is tiken is the ictuil ref r I gerat ion loid corresponding to the te-parat-rts sted n ^<*ve ’ . 

The eir conditioner rated load will be *.ynewhat different "..a the ret g of vuc- ecu ome-t t -i r r; •• 

tures thit differ from t* 0 *e listed in Table 1. l>e %t % >.**~ird rat ‘ q t»*-.n«:'*o' •» le'inec* n " 

listed below Tor water- to- j > ' end *f. tb»4if *,t 


water- to- i i r "cat pumps 

Air temperature enter irg njoo' j 

299.8 ' <8C°0 fy 3ulb. 292.6 a 
( 6 ^F) M«t hu»b 

Water tempe'u*. ure etarl-g conie-ser; 

297 k 750 

water temperate® leaving condenser; 

jo8. : - t 


-.r temp* ' t • j-c cr*er -door » 

299-9 • 904*) d'y bwU, 292.5 F 

Out* .ear tempe f »r ,*e • . . * 

jry bulb ard 23; 7$ V F) -«t bc-i « 

condensate * rejected to the air »t 


For the temperature values I's'ed In Table 1 s~d an Indoor *emp#ratura swing of 2.5 K (4.5 F) , the air con r.pae* 
capacity will differ from the rated capacity by only 3 percent. 

2. T^e 333. 1 K'95° ) ambient dr# bulb temperature and t K e correspon mg 298. 7 *(78 c f) wet bulb temperature used or 

cesign point art . epresentet i .e of data reco.nre-'ded by tre Air Conditioning and Fef r 1 gerat ion Inst. lute (AFl) for 
a large renter o clt es in t H e r -ont nental v/nitto States. A d. y bulb temperature of 305*4 * $C r ) . re c~- be- 
es a minimum tor all locator** «itn«n the u. S. Of t:e 3rd localities listed in deference 2. tr« 3 IC .9 *P00°F) 
dry bulb te—peratum used es me* mvre if* Te K le 1 % e^enr^ed in only 11 cases. 

Mote that the temperatures specified as standard dts gn conditions may be enceeaed 2 - 1/2 percent 0 t 1 *# t n and 

do tot represent na* I mum local »/ryr tn npe -a tores . 

3. 7 un * ur i'-g m ■ r * dr*, bulb temperatures listed correypo*'d tv ~ ^ ar d m-mmurn ^tt bulb temperatures 

also s K own In Table I • 


r/vMMt'T Ar-:;/ M*NU r '" 


•,c :mp*n7 

Of t*Llf ;«NiA 
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